Introduction
Menorrhagia is a major reason for hysterectomy among fertile women. 1 Abnormal uterine bleeding is a common reason for consulting general practitioners. 2 Until recently, medical treatment has been disappointing, 3 4 and various surgical alternatives in the form of endometrial ablation have been developed. [5] [6] [7] The role of these surgical alternatives in the treatment of menorrhagia is not currently clear. 8 The progestin levonorgestrel, released from an intrauterine system at a rate of 20 g/24 hours, suppresses endometrial growth. The glands of the endometrium become atrophic and the epithelium inactive. 9 This system, originally developed for contraception, 10 11 has been shown to decrease the amount and duration of normal menstrual flow. 12 The results of a non-comparative study showed a reduction of menstrual blood loss of 86% in menorrhagic women in only 3 months and a further reduction to 97% 12 months after insertion of the device. 13 Comparison of the levonorgestrel intrauterine system with the non-steroidal anti-inflammatory drug flurbiprofen and tranexamic acid showed that the device decreased the measured volume of menstrual blood loss in comparison with control cycle measurements by 82% at 3 months and by 96% at 12 months, while the flurbiprofen and tranexamic acid treatments decreased menstrual blood loss by only 21% and 44%, respectively. Many women scheduled for hysterectomy as the final treatment for menorrhagia might still prefer a conservative alternative. We invited women who had already made a decision to undergo hysterectomy to participate in a randomised study comparing the levonorgestrel intrauterine system with their current medical treatment. Our primary aim was to assess after 6 months whether the device could provide a conservative alternative to hysterectomy in the treatment of excessive uterine bleeding or dysmenorrhoea, or both.
Patients and methods

Patients
From hospital waiting lists we recruited women who had spontaneous cycles and who were scheduled to undergo hysterectomy for treatment of excessive uterine bleeding with or without dysmenorrhoea. Women were excluded from the study if they had one fibroid larger than 3 cm in diameter or more than three uterine fibroids as assessed by ultrasonography, a history or current clinical evidence or suspicion of malignancy or active liver disease, adnexal tumours or cysts, or pelvic inflammatory disease within the previous 12 months. If the women were prepared to accept yet another conservative attempt at treatment they were enrolled into the study.
Study design and treatment
The study was an open phase III randomised multicentre study with two parallel groups: a levonorgestrel intrauterine system group and a control group. The study was conducted in three hospitals in Finland: the City Maternity Hospital and the University Hospital, Helsinki, and the Central Hospital of Middle Finland, Jyväskylä.
The study was conducted according to the principles of the Declaration of Helsinki. Copies of the protocol and the informed consent form were submitted to and approved by the ethics committees of the participating study centres before we started the study.
The women were randomly allocated to the levonorgestrel intrauterine system group or the control group by using a randomisation table, the randomisation being balanced in blocks of four. Concealment was secured by using sealed envelopes.
The levonorgestrel intrauterine system (Mirena) was inserted into the uterine cavity after menstruation according to the insertion instructions. The patients in the control group continued their existing medical treatment for excessive uterine bleeding or symptoms of dysmenorrhoea, or both. There was no wash out period of medication for bleeding or dysmenorrhoea at screening. Enrolment started on 15 November 1991 and finished at the end of 1993.
The primary measure of efficacy was the woman's decision at 6 months, at discontinuation, or when the hysterectomy became available as to whether she would prefer her current treatment or hysterectomy. If she chose to continue the current treatment she was asked again at 12 months. Finally, at the end of 1995 all the patients' records were checked to see how many women had undergone hysterectomy.
The degree of disturbance caused by their menstrual bleeding or pain, or both, on general wellbeing, work performance, physical activity, sexual activity, and general leisure time activity was assessed by using a visual analogue scale at screening, at 6 months, and at 12 months or at discontinuation. The visual analogue scale consisted of a horizontal line of 10 cm. The left end was indicated as "not disturbing," the right end as "very disturbing." The patients were asked to mark with a cross the point on the line that most closely indicated the effects of uterine bleeding or menstrual pain on normal life, without distinguishing between these two. 15 The women were asked to mark in a menstrual diary their days of menstrual bleeding and spotting. The latter was defined as a bloody discharge not necessitating the use of pads or tampons. We calculated the distributions in centiles of the total number of days of bleeding and spotting in each month and each trimester using the menstrual diary analyser, a computer program developed for this purpose by JS. 16 
Statistical analysis
Power analysis was made before the study for the main measure of efficacy-that is, women preferring current treatment to hysterectomy at 6 months. We expected that 40% of patients in the levonorgestrel intrauterine system group and 10% in the control group would cancel the hysterectomy. The sample size required for the comparison of two binomial proportions of a two sided test at 5% level, when the power is 95, was 52 per group when 1 = 0.1 and 2 = 0.4. Taking into account the possibility of discontinuation, we planned to enrol 60 patients per group.
The study was started in two clinics. The rate of enrolment, however, was much slower than expected and a third clinic was therefore included. From the original recruitment time of 1 year the period was extended to 26 months. During that period the waiting time for hysterectomy shortened from over 12 months in each hospital to under 6 months in two hospitals. As the ethics committees had requested that women should be offered the operation once it became available, recruitment to a 6 month study became complicated. By this time, 28 patients were recruited per group, giving a power of 70%.
The main measure of efficacy-willingness to continue the current treatment instead of hysterectomy at 6 months-was analysed according to the principle of intention to treat by using the Mantel-Haenszel test. Comparison of visual analogue scale distributions between the groups at screening, differences between screening and 6 month results, and differences in the number of days of bleeding and spotting were analysed by using the Mann-Whitney U test. All statistical analyses were carried out with sas software package version 6.08. A P value < 0.05 was considered significant. The tests were performed as two tailed tests.
Results
A total of 56 women were randomised, 28 to the levonorgestrel intrauterine system group and 28 to the control group. Three women cancelled participation before enrolment, two in the control group and one in the levonorgestrel group. The mean (SD) ages were 42.7 (3.4) and 41.7 (4.5) years in the levonorgestrel intrauterine system and control groups, respectively.
Eighteen out of 28 women (64.3%; 95% confidence interval 44.1% to 81.4%) in the levonorgestrel group and four out of 28 women (14.3%; 4.0% to 32.7%) in the control group cancelled hysterectomy at 6 months (P < 0.001).
In the control group two women wished to continue their current drug treatment (prostaglandin synthesis inhibitors) and two decided to switch to the levonorgestrel intrauterine system. The proportion of women who decided to cancel hysterectomy was significantly higher in the levonorgestrel intrauterine system group (P < 0.001) by 6 months.
At 12 months 12 women (57%) in the levonorgestrel group had discontinued the treatment. They all underwent hysterectomy. Table 1 gives the reasons for discontinuation and the histological diagnoses at hysterectomy.
By the end of 1995, 13 of 27 women (48%) continued using the levonorgestrel intrauterine system, with an average follow up time of 3 years (range 23-49 months).
Evaluation by visual analogue scale of the quality of life showed no difference between the groups at screening (table 2). Visual analogue scale scores had not changed at 6 months in the control group whereas they were significantly improved in each category in the study group (P<0.002). The beneficial effect was maintained in the levonorgestrel group at 12 months.
The distribution by centiles of the total number of days of bleeding during the first 6 months in the control group and during 12 months in the levonorgestrel group is presented in figure 1 . The median number of days of bleeding remained at a constant level of 4-5 days per month in the control group, while in the levonorgestrel group it decreased from 7 in the first month to 3 in the sixth month and 2 in the 12th month. Differences in the number of days of bleeding between the groups did not reach significance.
The distribution of the number of days of spotting in both groups is presented in figure 2 . In the control group the median number of days of spotting remained at a nearly constant level of about 4 days a month. In the levonorgestrel group the median number of days of spotting was at its highest level, 10 days a month, during the second month. Thereafter it declined to 5 in the sixth month and 2.5 in the 12th month. The number of days of spotting was significantly lower in the control group in the first 3 months (P = 0.001) and also in the second 3 months (P = 0.016). No serious adverse events were seen during the study.
Discussion
The levonorgestrel intrauterine system has been approved for contraception in several European countries and also for treatment of menorrhagia in most of these countries. We tested this new medical treatment as a final alternative in women who had already chosen hysterectomy. Our data suggest that the levonorgestrel intrauterine system gives good short term results. Two thirds of the patients with the levonorgestrel device cancelled their hysterectomy at the 6 month follow up. Only 14% in the control group cancelled hysterectomy. In addition, half of these women chose the levonorgestrel device as their future treatment. *At screening there were no significant differences between groups. †At 6 months all differences between groups were significant (P=0.002 for sex life and P<0.001 for all other variables). 
Month
Improvement in quality of life
The quality of life of women suffering from menorrhagia is impaired in many respects. 17 Excessive bleeding or pain, or both, may impose severe constraints on their professional, social, and family activities. There was no improvement in the menstrual disturbance score in the control group whereas it significantly improved in patients with the levonorgestrel intrauterine system in all aspects evaluated. This happened despite the fact that there was an initial increase in the number of days of spotting from a median of 8 days in the first month to a median of 10 days in the second month. An initial increase in the number of days of spotting for 3-6 months is well known when the levonorgestrel device is used for contraception. 16 18 Our results indicate that the improvement in the quality of life of levonorgestrel intrauterine system users is maintained as these improved scores were also seen at 12 months.
Because of the nature of the device it would be impossible to carry out a blind comparative study between it and other medical treatments. As this was an open study and the subjects were well aware of their treatment a possible placebo effect cannot be excluded. The levonorgestrel system has been on the market in Finland since 1990, and its reputation as regards reduction of menstrual bleeding has spread. The short term results with the current study design are also subject to bias because of the potential disappointment of the control group as regards continuing with their current treatment. This does not seem to have affected the overall conclusions, however, as only another three (11%) of the levonorgestrel users discontinued between 6 and 12 months. One woman reported lower back pain and depression. The other two women reported a poor response to the treatment, and one of the two experienced fibroid growth during the treatment. In long term follow up to a mean of 3 years 48% of the patients treated with the levonorgestrel system were still using it.
Effective conservative alternative
The insertion of a levonorgestrel intrauterine system is a simple procedure. Although it is slightly larger than many other intrauterine systems, insertion is usually easy for most parous women. Surgical methods of treatment for menorrhagia, including endometrial ablation, are effective but invasive operations; need operating theatre facilities; and can be associated with considerable morbidity.
The results of our study suggest an important clinical implication. A woman considering hysterectomy because of menorrhagia or dysmenorrhoea, or both, should be offered the levonorgestrel intrauterine system before she comes to a final decision on hysterectomy. Many menorrhagic women wish to retain their potential fertility. In addition, the levonorgestrel intrauterine system acts as a contraceptive in contrast with prostaglandin synthesis inhibitors and inhibitors of fibrinolysis or procedures used for endometrial ablation. A reduction in the number of annual hysterectomies, even by less than half, would be a considerable achievement. Even greater reductions in rates of hysterectomy could be achieved if medical treatment with intrauterine levonorgestrel could be started at an earlier stage.
The levonorgestrel releasing intrauterine systems (Levonova/ Mirena) were provided by Leiras Oy, Turku, Finland. Data analysis was also carried out by Leiras Oy. Dr Hannele Savonius is acknowledged for technical help during the study.
Contributors: PL initiated the study and participated in the design of the protocol, data analysis and interpretation and preparing the manuscript. MH contributed to the design of the protocol, supervised the clinical study, and participated in data interpretation and writing the manuscript. JP supervised the clinical study and participated in data interpretation and writing the manuscript. UR and SS participated in the clinical study, data collection, and writing the manuscript. JS participated in data analysis and interpretation, did the analysis of menstrual bleeding, and contributed to writing the paper. CGN contributed to the design of the protocol, the clinical study, and data collection and participated in data interpretation and writing the manuscript. HS participated in the clinical study. PL is guarantor for the study.
Funding: This study was supported by Leiras Oy, Turku, Finland, in the form of a grant, drugs, and statistical analysis.
Conflict of interest: None.
Key messages
+ Two thirds of women treated for menorrhagia with the levonorgestrel intrauterine system cancelled their decision to undergo hysterectomy + The median number of days of bleeding decreased in the levonorgestrel group from 7 in the first month to 3 in the sixth month and 2 in the 12th month + The variation between individual women in the number of days of bleeding and spotting is great in users of the levonorgestrel intrauterine system + The treatment of menorrhagia with the levonorgestrel intrauterine system improved general well being and work performance and physical, sexual, and leisure time activity + Treatment of menorrhagia with the levonorgestrel intrauterine system should be considered before hysterectomy is decided on
